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ARTICLE INFO ABSTRACT

HHLA2 is a newly identified member of the B7 immune checkpoint family, but its function and crosstalk with
immune cells is not fully understood. To gain insights into the HHLA2 expression profile and to determine the
clinical significance and function of HHLA2 in pancreatic cancer, we performed immunohistochemistry (IHC)
analyses on tissue microarrays (TMAs) of pancreatic ductal adenocarcinoma (PDAC, n = 92) with matched
peritumoral tissues as well as in cohorts of precancerous lesions: pancreatic intraepithelial neoplasia (PanIN) and
intraductal papillary mucinous neoplasm (IPMN). We found that HHLA2 was rarely detected in normal acinar,
islet, and ductal cells but widely expressed from early pancreatic precancerous lesions to invasive PDAC. The
overall HHLA2 positivity was 95% (19/20) in low grade PanIN and 70.73% (29/41) in IPMN. HHLA2 expression
was detected in 77.17% (71/92) of the PDAC cases and was significantly associated with better prognosis in this
cohort. Our findings suggest that HHLA2 may behave as a costimulatory ligand in pancreatic cancer, which
differs from other B7 family members that are largely characterized as checkpoint inhibitors. Further in-
vestigation of the HHLA2 signaling pathway and its receptors is warranted by our data and may lead to novel
therapeutic interventions.
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Prognostic significance

to be isolated within extensive fibrosis which results in inefficient drug
delivery [1]. Given this innate resistance to chemotherapy agents, new

1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a malignancy with an
overall 5-year survival of 8% for all stages combined. The majority of
patients present with stage IV disease at diagnosis, precluding surgical
therapy, and these patients have an overall 5-year survival of 3%. Other
therapeutic approaches such as chemotherapy are generally not effec-
tive; this is thought to be due largely to abundant desmoplasia in this
tumor type. Desmoplasia is a producer of the cytokines and chemokines
that orchestrate rapid and silent tumor progression to allow tumor cells

therapeutic approaches aiming to improve the native immune response
are urgently needed in this area.

Immune checkpoint proteins are surface molecules on immune ef-
fector cell populations that activate/inhibit effector function when en-
gaged to their cognate ligand(s). Expression of the co-inhibitory ligands
on cancer cells has been suggested as a mechanism by which these cells
evade the immune response [2]. Thus, therapeutics (such as immune
checkpoint inhibitors) that block the interaction between the immune
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checkpoint protein and its ligand(s) can restore the effector function of
immune cells and promote tumor regression. At present, clinical trials
such as LAG3 (CD233), TIM3, B7H3 (CD276), CD39, CD73, and ade-
nosine A2a receptors have been reported in addition to the CTLA4 and
PD1 antibodies which have already been approved [3-5], and clinical
trials for other checkpoint receptors and ligand targets are also forth-
coming. Most of these immunological checkpoints therapies were de-
veloped in combination with the PD-1 pathway-suppressing antibodies
including checkpoints co-expressed with PD-L1, in an effort to create a
‘double-block’ therapy.

Immune-based therapy for pancreatic cancer has gained attention in
every preceding decade and therefore the enthusiasm now generated
tends to be short-lived [6]. In addition to the resistance conferred by
desmoplasia, pancreatic cancer is characterized by a highly im-
munosuppressive environment, with multiple components and path-
ways inhibiting effective pancreatic cancer targeted immune responses
[7]. Therefore, there is great potential in targeting these mechanisms of
immunosuppression in order to reverse them and create an environ-
ment that supports the infiltration of anti-tumor immune responses and
enables the generation of T cells capable of killing pancreatic tumor
cells. Each of these components and pathways represents a potential
target for pancreatic cancer therapy. Moreover, the analysis of immune
infiltrates in human tumors has revealed a strong association between
better prognosis and the presence of a humoral response to pancreatic
tumor antigens, such as MUC-1 and mesothelin, and of tumor-in-
filtrating cytotoxic T lymphocyte and Th1 cells [8]. In a mouse model in
which an activating KRAS mutation is expressed in the pancreas, pre-
invasive pancreatic lesions are characterized by the infiltration of im-
mune suppressor cells rather than immune effector cells, suggesting
that tumor immunity may be an early event in pancreatic cancer de-
velopment [9]. Targeting negative T-cell regulators, such as cytotoxic
T-lymphocyte-associated (CTLA) protein-4 and B- and T-lymphocyte
attenuator (BTLA) presents another therapeutic option. Vaccines tested
on mice were able to reverse the blockage of T-cell response mediated
by CTLA4 and BTLA4, confirming the elicitation of anti-tumor immune
response is possible [10,11].

Although the above data suggest that an antitumor immune re-
sponse may be elicited in PDAC, unfortunately this response is in-
sufficient and does not result in the killing of the tumor [12]. Given that
most tumor antigens are self- or mutated self-antigens and that the
pancreatic tumor microenvironment is immunosuppressive, this is not
surprising. Interestingly, both the prevalence of Tregs in peripheral
blood and tumor, and the expression level of PD-L1 in tumor in-
dependently predict a poor survival in pancreatic cancer. Tregs, which
constitute 5-10% of CD4 + T cells and induce immune tolerance by
suppressing host immune responses against both self- and non-self-an-
tigens, play a crucial role in tolerance and the immune response to
cancer. These findings strengthen the notion that pancreatic cancers
induce antitumor immune responses. Therefore, attempts to improve
the clinical efficacy of immunotherapy should involve strategies to
neutralize or overcome immune suppression [13].

HERV-H LTR-associating 2 (HHLA2, also known as B7H7/B7-H5) is
a new identified member of B7 family, analogous to PD-L1, PD-L2, B7x,
and B7-H3. HHLA2 can bind to its putative receptor(s) on a variety of
immune cells, including B cells, T cells, and antigen-presenting cells
[14,15]. Currently, TMIGD2 (Transmembrane and Immunoglobulin
Domain Containing 2, also known as IGPR-1 and CD28H) is the only
receptor that has been identified for HHLA2 to date. However, the exact
physiologic function of HHLAZ2 is not yet clear, as both co-stimulatory
and co-inhibitory properties have been described. Zhao et al. published
that HHLA2 serves as a co-inhibitory molecule member with negative
effects on T cell proliferation and cytokine production in CD 4 + and
CD8™" T cells [16]. In contrast, Zhu et al. reported that the HHLA2/
CD28H interaction co-stimulates human T cell growth and cytokine
production via an AKT-dependent signaling cascade [17]. Importantly,
TMIGD?2 is reportedly only expressed on naive T cells and expression
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Table 1
Clinicopathologic characteristics of patients with surgically resected PDAC with
respect to HHLA2 expression.

Parameter HHLA2 Negative HHLA2 Positive P Value
Age, year 62.05 61.32 0.733
Gender 0.833
0 Female (n = 28) 6 (21.43%) 22 (78.57%)
1 Male (n = 64) 15 (23.44%) 49 (76.56%)
AJCC staging 0.233
11I(n=23) 1 (33.33%) 2 (66.67%)
2IIA (n = 38) 6 (15.79%) 32 (84.21%)
IIB (n = 40) 11 (27.5%) 29 (72.5%)
I £(n = 11) 2 (18.18%) 9 (81.82%)
TNM staging 0.374
T0-2 (n =5) 3 (60%) 2 (40%)
T3 (n = 76) 16 (21.05%) 60 (78.95%)
T4 (n =11) 2 (18.18%) 9 (81.82%)
NO (n = 37) 8 (21.62%) 29 (78.38%)
N1 (n = 55) 13 (23.64%) 42 (76.36%)
Differentiation level 0.157
low (n =7) 3 (42.86%) 4 (57.14%)
medium (n = 81) 16 (19.75%) 65 (80.25%)
high (n = 4) 2 (50%) 2 (50%)
CA19-9 0.377
<37 (n=17) 2 (11.76%) 15 (88.24%)
37 <(mn=175) 19 (25.33%) 56 (74.67%)
CEA 0.809
<3 =33) 8 (24.24%) 25 (75.76%)
3 <(m=59) 13 (22.03%) 46 (77.97%)
Neural invasion 0.572
yes (n = 61) 15 (24.59%) 46 (75.41%)
no (n = 31) 6 (19.35%) 25 (80.65%)
Vascular invasion 0.578
yes (n = 16) 5 (31.25%) 11 (68.75%)
no (n = 76) 16 (21.05%) 60 (78.95%)
Tumor location 1
head (n = 75) 17 (22.67%) 58 (77.33%)

body & tail (n = 17) 4 (23.53%) 13 (76.47%)

Total 21 (22.83%) 71 (77.17%)

Table 2
HHLA2 IHC labeling analysis of peritumoral and adenocarcinoma tissues.

PDAC cohort

Peritumoral tissues (n = 91)
Normal and inflamed duct cells
Acinar cells
Islet cells
PanIN (n = 20)

Adenocarcinoma (n = 92)

HHLA2 positivity rate
9/91 (9.89%)

1/91 (1.09%)

3/91 (3.29%)

19/20 (95%)

71/92 (77.17%)

has not been found on other kinds of immune cells. Furthermore,
TMIGD2 expression has been shown to rapidly disappear when the
naive T cells are activated and begin maturation phase [17]. As regional
tumor-infiltrating immune cells are not naive cells, the interactions
between HHLA2 and TMIGD2 are unlikely to explain the inhibition of
the anticancer immune response, efforts should be made in identifying
new receptor(s) for HHLA2 in the future.

The expression of HHLA2 has been reported in a majority of tumor
specimens, including breast, lung, thyroid, melanoma, ovary, and
pancreas [18-20]. The localization of the protein is both membranous
and cytoplasmic in tumor cells. As HHLA2 is a transmembrane protein,
this type of distribution is common and may be attributed to shuttling
of the protein between the cytoplasm and the membrane [16]. HHLA2
protein has also been detected in a lower percentage of other cancers
such as liver, bladder, colon, prostate, kidney, and esophagus [19].
According to a previous report by Janakiram et al., half of PDAC tissues
examined (5/10 or 50%) displayed increased HHLA2 expression [19].
However, Byers et al. report that HHLA2 was not upregulated in PDAC
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Fig. 1. Representative specimens showing HHLA2 IHC labeling pattern in normal pancreatic ducts, precancerous lesions, and adenocarcinoma. H&E
staining and HHLA2 IHC from the same section of the TMA core are presented. (a) Normal ducts. (b) Inflamed ducts. (c) Low-grade PanIN. (d) Adenocarcinoma. Scale
bar, 50 pm. Magnification, 200 x .
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Staining scale: 0%
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Negative
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Fig. 2. HHLA2 is overexpressed in adenocarcinoma. Representative sample of each score showing variable HHLA2 IHC staining. HHLA2 ITHC expression scoring:
score 0 (0%), score 1 (1% ~5%), score 2 (6% ~ 30%), score 3 (31% ~ 60%), score 4 (61% ~100%). H&E staining and HHLA2 IHC from the same section of the TMA
core are presented. Scale bar, 500 um. Magnification, 200 X .
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Table 3
HHLA2 IHC labeling analysis of IPMN cohorts.

IPMN cohort, n = 41

Grade of dysplasia HHLA2 positivity rate

Low-grade 23/34 (67.65%)

High-grade 6/7 (85.71%)
Histological subtype

Gastric 12/23 (52.17%)

Intestinal 12/12 (100.00%)

Pancreatobiliary 5/6 (83.33%)

Overall 29/41 (70.73%)

samples (n = 15) when compared with normal pancreas, but was sig-
nificantly elevated in IPMN (n = 4) and the expression level of HHLA2
varied with the degree of dysplasia [20]. To resolve these discrepancies,
we analyzed HHLA2 expression by immunohistochemistry in a large
cohort of PDAC with matched peritumoral tissue, as well as in IPMNs.
The expression level of HHLA2 with respect to clinical outcome in
PDAC was analyzed. HHLA2 transcriptional levels in 30 different cancer
types accessible from The Cancer Genome Atlas (TCGA) public database
were also evaluated in this study.

2. Materials and methods
2.1. Human samples

Human PDAC tissue microarrays (TMA) were constructed from 92
cases of surgically resected PDAC tumor tissues (2013-2014), along
with 91 cases of matched peritumoral tissues from the Pancreas Center
& Department of General Surgery, The First Affiliated Hospital of
Nanjing Medical University, China. For accurate assessment, the cohort
excluded samples with insufficient tumor tissue. All tissue specimens
were reviewed by H&E staining and representative areas free from
necrosis and hemorrhage were selected in the paraffin blocks. 1 mm
diameter cylinders were taken from intratumoral or peritumoral tissues
(at distances of 1-2 cm from the tumor edge) and transferred to the
TMA by the Pathology Department (The First Affiliated Hospital of
Nanjing Medical University, China). The relevant clinical data was
collected through retrospective clinical chart reviews. Survival in-
formation was collected every three months, with the last update for
this study performed on 11/22/2017. All protocols were reviewed and
approved by the Academic Ethics Committee.

The demographic information and post-surgical follow-up of the 92
PDAC cases are shown in Table 1. The majority of patients were diag-
nosed (post-surgically) as stage II according to the American Joint
Committee on Cancer (AJCC) staging 7th edition (78/92, 84.78%), 3
cases were diagnosed as AJCC stage I, and 11 cases were AJCC stage III
or IV. Serum levels of tumor-associated antigens such as CA19-9 and
CEA were documented prior to the surgery. 81.52% (75/92) patients
presented with elevated CA19-9 and 64.13% (59/92) patients had high
CEA level before surgery. Pathological evaluation showed that most
PDAC cases were moderately differentiated (81/92, 88.04%), while 7
cases were poorly differentiated, and 4 cases were well-differentiated.
The presence of perineural invasion was detected in 66.3% cases (61/
92) and vascular invasion was found in 17.39% cases (16/92). 81.52%
(75/92) of cases PDAC were located in head of pancreas with the
minority (17/92, 18.48%) located in the body or tail of pancreas.

Human IPMN tissue microarrays were constructed as above from
archival formalin fixed, paraffin embedded surgical resection tissue at
the Columbia University Medical Center Department of Pathology and
Cell Biology. The 41 cases were chosen to create a representative
sampling of low- and high-grade IPMNs as well as the gastric (n = 23),
intestinal (n = 12), and pancreaticobiliary subtypes (n = 6). The cases
were selected from pancreatic resections performed from January,
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1995-June, 2008. The acquisition of the tissue specimens was approved
by the Institutional Review Board at Columbia University Medical
Center.

2.2. Immunohistochemistry and scoring

For immunohistochemistry (IHC), TMA sections derived from the
formalin-fixed and paraffin-embedded blocks were deparaffinized and
hydrated by routine procedures. Sodium citrate buffer (pH 6.0) was
used as the antigen retrieval (100 °C, 20 min). The primary antibody,
anti-HHLA2 (HPA055478, Sigma-Aldrich) at 1:1000 dilution was in-
cubated overnight at room temperature. Envision + system-HRP (anti-
rabbit polymer-HRP, Dako, Code #: K4011) was used as the secondary
antibody. The TMA sections were developed with Dako
DAB + Chromogen and Dako Substrate Buffer and then subsequently
counterstained with Harris Modified Hematoxylin (Fisher Chemical,
Catalog #: SH30-500D) and Scott's Bluing Reagent (RICCA, Catalog #:
6697-1). After dehydrating sections were mounted with permanent
mounting medium (VectaMount, Catalog #: H-5000).

The quantitation of HHLA2 immunostaining was based on the per-
centage of positively staining cells. TMA slides was evaluated by two
independent pathologists (Koehne de Gonzalez and Remotti) who were
blinded to patient information. When discrepancies were observed,
results were jointly assessed by both investigators and the final score
was formed by consensus. HHLA2 immunostaining was quantified by
the percentage of positive cells and scored according to the following
metric: score 0 (0%), score 1 (1% ~5%), score 2 (6% ~30%), score 3
(31% ~ 60%), and score 4 (61% ~ 100%). Scores of 0 and 1 were con-
sidered negative for HHLA2 expression while scores of 2, 3, and 4 were
considered positive.

Automated staining of TMA slides was performed for the primary
antibody, CD8 (4B11), (Leica Bond prediluted antibody, Catalog#
PA0183) utilizing the Leica Bond III system for slide preparation and
staining. TMA slides stained for CD8 were scanned in the Leica Aperio
AT2 digital slide scanner and quantitated using Aperio area quantifi-
cation and nuclear algorithms. CD8 quantification was expressed as the
total of CD8-positive cells per unit area (mm?).

2.3. Statistical analysis

For each variable parameter, %> or Fisher's exact test were used to
analyze the distribution of each categorical variable between HHLA2
negative and positive groups by SPSS. For survival analysis, comparison
of the Kaplan-Meier survival curves between different thresholds of
HHLA2 expression were performed by Log-rank test using GraphPad
Prism 7. We also performed an additional comparison between the re-
lative high and low expression groups (higher 46 samples vs. lower 46
samples).

3. Results

3.1. HHLAZ2 expression was absent in normal pancreas but abundant in
PanliN lesions

To evaluate the expression level of HHLA2 in primary PDAC, we
performed immunohistochemical staining on the TMA slides of both
adenocarcinoma and peritumoral tissues and analyzed both in-
dependently (Table 2). In the peritumoral tissues, we identified normal
pancreas, chronic pancreatitis, and various stages of PanIN lesions.
Overall, normal duct cells, islets, and acinar cells were negative for
HHLA2 IHC labeling (Fig. 1a). However, we observed HHLA2 positive
labeling in some inflamed duct cells. The overall positive labeling of
HHLA2 in normal duct cells including inflamed duct cells was 9.89%
(9/91) (Fig. 1b). Interestingly, 20 cases of peritumoral tissues contained
low grade PanIN lesions (20/91) and most of these PanIN lesions dis-
played HHLA2 positive labeling (19/20, 95%) (Fig. 1c).
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Fig. 3. Prevalent upregulation of HHLA2 expression in IPMN but not in adjacent tissue. (a) Representative specimens showing HHLA2 expression pattern in
IPMN lesions with low-grade or high-grade dysplasia and different morphological subtypes. H&E staining and HHLA2 THC from the same section of the TMA cores are
presented. Magnification: 200 x. (b) Representative IPMN specimens showing variable HHLA2 IHC staining, with only rare scattered proliferating HHLA2 positive
ductules within adjacent chronic pancreatitis. H&E staining and HHLA2 IHC from the same section of the TMA cores are presented. The low grade gastric type IPMN
is negative for HHLA2; within the adjacent chronic pancreatitis, scattered proliferating ducts are HHLA2 positive. The low grade intestinal type IPMN is positive for
HHLAZ2; within the adjacent chronic pancreatitis, pancreatic ducts are negative for HHLA2. Magnification: 200 X, 400 X (inset).

3.2. HHLAZ expression was upregulated in PDAC

Consistent with the high ratio of HHLA2-positive expression found
in PanIN lesions, the majority of the adenocarcinoma tissue exhibited
positive HHLA2 expression as well (77.17%, 71/92, Fig. 1d). However,
the expression level of HHLA2 among PDAC varied from scores 0-4:
8.7% with score 0 (n = 8), 14.13% with score 1 (n = 13), 19.57% with
score 2 (n = 18), 18.48% with score 3 (n = 17), and 39.13% in score 4
(n = 36). Scores of 0 and 1 were considered negative for HHLA2 ex-
pression while scores of 2, 3, and 4 were considered positive (For more
details, please refer to the Materials and Methods section). A

representative case of HHLA2 IHC labeling for each score is shown in
Fig. 2. These results show that HHLA2 expression was limited in normal
pancreas but occasionally upregulated in inflammatory foci. A high
level of HHLA2 expression was observed in both early and late stages of
tumor progression, including low-grade PanIN lesions and invasive
PDAC.

We investigated the relationship between tumor HHLA2 expression
status (negative/positive) and the clinicopathologic variables in PDAC
cohort (Table 1); no significant correlation was found between these
clinicopathologic parameters and tumoral HHLA2 expression.
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Fig. 4. Overexpression of HHLA2 is associated with better prognosis and augmented CD8* T cells infiltration in PDAC. (a) The HHLA2 positive PDAC group
(> 5% positivity, n = 71) exhibited a better survival rate than the negative group (n = 21, log-rank p-value = 0.0015). (b) Median separation of the PDAC cohort by
HHLAZ2 expression levels (higher 46 vs. lower 46): the relative high HHLA2 expression group also demonstrated a longer survival (log-rank p-value = 0.0141). (c and
d) CD8™ T cells quantitation was analyzed in the PDAC cohort in relation to HHLA2 expression. The association between HHLA2 expression and CD8* T cell density
was analyzed. Overall, there was augmented CD8* T cell infiltration observed with higher HHLA2 expression. Although the increasing trend of CD8™ T cells
infiltration was not statistically significantly associated with HHLA2 positivity when comparing the HHLA2-negative group vs. HHLA2-positive group (unparalleled t-
test, p = 0.9194) (c), there was a statistically significant correlation when comparing the median separation of the PDAC cohort by HHLA2 expression levels (higher

46 vs. lower 46, unparalleled t-test, p = 0.0442) (d).

3.3. HHLA2 was widely overexpressed in IPMIN

In order to broaden our understanding of HHLA2 expression in
pancreatic precancerous lesions, we extended our analysis of HHLA2
expression to include an independent IPMN cohort (n = 41). The
overall HHLA2 positivity in the IPMN cohort was 70.73% (29/41,
Table 3), with low-grade dysplasia at 67.65% (23/34) and high-grade
dysplasia at 85.71% (6/7). The ascending trend of HHLA2 expression is
not statistically significantly associated with IPMN grade (p = 0.65).
Among the different morphological subtypes, HHLA2 positive labeling
rates of the intestinal type (100%, 12/12) and pancreaticobiliary type
(83.33%, 5/6) were relatively higher than the gastric type (47.83%, 11/
23, p = 0.002). Representative HHLA2 IHC labeling of the different
morphological subtypes of IPMN is shown in Fig. 3a. The normal ad-
jacent pancreatic tissue was negative for HHLA2, except for rare pro-
liferative ducts associated with chronic pancreatitis adjacent to IPMN
(Fig. 3b).

3.4. HHLAZ2 overexpression was associated with better prognosis in the
PDAC cohort

Given the prevalence of HHLA2 overexpression in pancreatic pre-
cancerous lesions and adenocarcinoma, the prognostic relevance of the
HHLA2 expression in the PDAC cohort was then analyzed. Kaplan-
Meier survival curves were generated to investigate potential correla-
tion at multiple HHLA2 expression thresholds as well as separation by
median HHLAZ2 level. Grouping the HHLA2 expression thresholds into
the negative (HHLA2 labeling percentage < 5%) and positive (HHLA2
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labeling percentage > 5%) groups, the positive group (n = 71) was
significantly associated with better survival rate than the negative
group (n = 21, log-rank p = 0.0015, Fig. 4a). By separating the PDAC
cohort into a relatively high HHLA2 expression group (n = 46) and a
relatively low HHLA2 expression group (n = 46), the Kaplan Meier
curve also demonstrated a significant positive correlation between
HHLA2 expression and long-term survival rate (log-rank p = 0.0141,
Fig. 4b). Both of these analyses support the finding that HHLA2 ex-
pression is significantly associated with better survival.

Higher levels of CD8 " T cells have been demonstrated to contribute
to prolonged survival of PDAC patients [21-23]; therefore, we per-
formed IHC in our TMAs to investigate if CD8" T cell infiltration
contributed to the overall survival of patient cohort in relation to
HHLAZ2 expression level. We observed that there was an overall trend of
augmented CD8™" T cell infiltration with increasing HHLA2 expression.
Although CD8* T cell density was not statistically significantly asso-
ciated with HHLA2 positivity when comparing the HHLA2 negative
group vs. positive group (unparalleled t-test, p = 0.9194) (Fig. 4c),
there was a statistically significant correlation when comparing the
median separation of the PDAC cohort by HHLA2 expression levels
(higher 46 vs. lower 46, unparalleled t-test, p = 0.0442) (Fig. 4d).

3.5. Upregulation of HHLA2 RNA expression was detected in the majority
types of cancers

To assess the spectrum of HHLA2 expression on a larger scale, we
examined the TCGA public database, and scatter plots of HHLA2 RNA
expression across 30 different types of human cancer were generated
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Fig. 5. HHLA2 RNA is overexpressed in the majority types of cancers. Ascending scatter plots of HHLA2 RNA in different cancer types were sorted by median

HHLA2 transcriptional level compared with normal tissues.

via the cBioPortal [24,25]. The RNA expression level of HHLA2 in each
human cancer compared to respective normal tissue is presented in the
log scale in Fig. 5, sorted in ascending order. The majority of the cancer
types examined in the database show an upregulated HHLA2 tran-
scription level, including pancreatic cancer, which is consistent with
our findings with respect to HHLA2 protein level, and further validate
HHLA2 overexpression in pancreatic cancer.

4. Discussion

In this study, we focused on examining the expression of HHLA2 in
pancreatic tumorigenesis by IHC labeling of human pancreatic pre-
cancerous lesions and surgically resected PDAC samples. By in-
dependently analyzing the peritumoral tissues and adenocarcinoma
tissues, we found that HHLA2 was widely expressed in precancerous
lesions of PDAC (PanINs and IPMNs) and PDAC, while essentially ne-
gative by IHC in benign peritumoral tissue (Figs. 1 and 2). Our findings
are consistent with previous reports that HHLA2 expression was not
detected in most organs, but was widely expressed in human cancers of
the breast, lung, thyroid, melanoma, pancreas, ovary, liver, liver,
bladder, colon, prostate, kidney, and esophagus [19]. However, a pre-
vious study by Byers et al. reported an expression pattern of HHLA2
opposite to ours, describing high expression of HHLA2 in the normal
ducts with loss of HHLA2 expression in PDAC [20]. We are unable to
reconcile the discrepancy due to the lack of information on the primary
antibody utilized in that study (PDAC cohort, n = 15; IPMN cohort,
n = 4) [20]. Our study was performed with larger cohorts of PDAC
(n = 92, matched peritumoral tissue n = 91) and IPMN (n = 41) from
two academic institutions, and all the tissues examined showed con-
sistent expression of HHLA2 from precancerous lesions (PanINs and
IPMNs) to invasive PDAC (Figs. 1-3). Importantly, the absence of
HHLAZ2 expression in multiple non-neoplastic cell types highlights the
association of elevated HHLA2 with pathological changes during tu-
morigenesis and clarifies the HHLA2 expression pattern in the pancreas.
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The upregulated HHLA2 RNA transcripts documented for numerous
cancer types in the TCGA database, including pancreatic cancer, further
support our findings.

Our study is the first to report the prognostic significance of HHLA2
overexpression in PDAC. In our Kaplan Meier survival analysis, higher
HHLA2 expression was consistently and significantly associated with
better survival rates (Fig. 4 a-b). Given that HHLA2 expression was not
associated with any other clinicopathologic parameter (Table 1),
HHLAZ2 acted as an independent prognostic factor in overall survival in
this PDAC cohort. Since overexpression of immune checkpoint in-
hibitors is often associated with poor prognosis while upregulation of
costimulators favors better patient survival, our findings suggest that
HHLA2 appears to function as a co-stimulating ligand in pancreatic
cancer. Infiltration of cytotoxic CD8™* T cells and their spatial proximity
to cancer cells have been demonstrated to correlate with increased
overall survival for PDAC patients [21-23]. Here we have observed a
statistically significant correlation between CD8" T cell density with
HHLA2 expression levels (higher 46 vs. lower 46, unparalleled t-test,
p = 0.0442) (Fig. 4d). Although an increasing trend of CD8* T cell
infiltration was observed with HHLA2 positivity (negative group vs.
positive group), the association was not statistically significant (un-
paralleled t-test, p = 0.9194, Fig. 4c). The lack of statistical power may
be attributed to the low case number in the negative group (n = 21).
Interestingly CD8-density alone did not correlate with patient survival
in our cohort, suggesting that while CD8* T cells may contribute to the
better patient prognosis associated with HHLA2 expression, other fac-
tors are involved.

HHLA2 overexpression is not always a favorable predictor for pa-
tient survival in other cancer types. The prognostic significance of
HHLA2 expression in osteosarcoma was found to be correlated with
metastasis and worse survival [26]. Similarity, in triple-negative breast
cancer (TNBC), overexpressed HHLA2 was associated with lymph node
positivity and advanced stage of the disease at the time of diagnosis,
and also associated with an increased risk of recurrence [19]. These



H. Yan et al.

findings imply that HHLA2 overexpression is associated with cancer
progression in osteosarcoma and TNBC. It is not uncommon for mem-
bers of the B7 family to have dual functions depending on the immune
milieu, receptor engagement or blockade, or interaction with different
receptors. HHLA2 belongs to group III of the B7 family, which also
include B7-H3 and B7x. As with HHLA2, the prognostic significance of
B7-H3 and B7x also remain to be further delineated [14,15]. Xie et al.
found that soluble B7-H3 promotes invasion and metastasis through the
TLR4/NF-kB pathway in pancreatic carcinoma [27]. Xu et al. also
identified B7-H3 and B7x as independent predictors of poor prognosis
in pancreatic cancer [28]. However, results demonstrating B7-H3 as a
co-stimulatory molecule associated with prolonged survival in pan-
creatic cancer [29] and gastric cancer [30] have also been reported.
Given the conflicting results presented thus far on group III of the B7
family, continued research and an improved understanding of these
pathways are needed to reconcile these discrepancies and to elucidate
their function(s) in the tumor immune microenvironment. Our findings
offer an alternative hypothesis: that HHLA2 may behave as a costimu-
latory ligand in pancreatic cancer, in contrast to other B7 family
members which are predominantly characterized as checkpoint in-
hibitors.

Although our data suggest HHLA2 is a promising line of inquiry in

pancreatic cancer, our study has limitations. Due to the small area
sampled, the use of TMAs inherently incurs a certain risk for mis-
representing the whole tumor due to the possibility of heterogeneous
expression of immune markers, including HHLA2 [31]. Also, moder-
ately differentiated, resectable tumors are overrepresented in our PDAC
cohort, likely owning to the fact that only 15% of cases are resectable at
the time of PDAC diagnosis [32]. Future studies, involving whole tissue
sections that would allow more thorough investigations of the immune
compartment and functional assays that would explore the role of
HHLAZ2 in pancreatic cancer tumorigenesis, are clearly warranted be-
fore successful immunotherapeutic applications can be fully realized.
Our study is the first to demonstrate prognostic implications of HHLA2
expression in PDAC and underscores the potential therapeutic relevance
of these future interrogations.
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